To investigate the changes of insulin resistance and soluble intercellular adhesion molecule-1 (sICAM-1) in normotensive adolescents with a family history of hypertension (FH) and to analyse the related factors. The study included 142 normotensive adolescents aged 13-15 years. On the basis of an FH, the samples were divided into positive FH (FH þ group) and negative FH groups (FH À group). Anthropometric measurements included height, weight, waist circumference (WC) and blood pressure (BP). Blood samples were collected and fasting plasma glucose (FPG), serum lipids, true insulin (TI) and sICAM-1 were assayed. The In multiple linear regression analysis, WC (b ¼ 0.024, P ¼ 0.000) and FH (b ¼ 0.467, P ¼ 0.000) were significant independent predictors for HOMA-IR, and triglyceride (b ¼ 0.328, P ¼ 0.007) and FH (b ¼ 0.395, P ¼ 0.016) were significant independent predictors for sICAM-1. These results indicate that insulin resistance and endothelial activation were found in normotensive adolescents with an FH. We should make great efforts to alleviate the insulin resistance and endothelial activation by diet and exercise, and it would reduce the incidence of hypertension in adolescents with an FH.
Introduction
The prevalence of primary hypertension in children and adolescents appears to be increasing. [1] [2] [3] Primary hypertension is more common in adolescents and has multiple risk factors, including obesity and family history of hypertension (FH). [4] [5] [6] The FH, particularly when both parents have hypertension, exhibit a robust association with primary hypertension in adolescents. 7 According to the earlier data, there is evidence that childhood hypertension can lead to adult hypertension. 8 Hypertension is a known risk factor for coronary artery disease in adults, and the presence of adolescent hypertension may contribute to the early development of coronary artery disease. Reports show that early development of atherosclerosis does exist in children and adolescents and may be associated with childhood and adolescent hypertension. 9, 10 For this reason, leading health organizations have intensified efforts aimed at the primary prevention of hypertension in adolescents. 11 To investigate these issues, we made use of the observation that the offspring of hypertensive parents are more likely to develop hypertension than the offspring of normotensive parents. Two key features in the pathophysiology of hypertension are insulin resistance and endothelial dysfunction. In this study, we evaluated the relationship between insulin resistance, soluble intercellular adhesion molecule-1 (sICAM-1) and FH in normotensive adolescents aged 13-15 years.
Materials and methods

Subjects
The subjects were recruited from middle school students (aged 13-15 years) in Hebei province during 2006 and were considered eligible if their systolic blood pressure (SBP) and diastolic BP (DBP) are less than the age-and sex-specific 95th percentile.
Blood pressure (BP) was measured for all parents. Hypertensive parents were defined as those who had BP X140/90 mm Hg on two occasions before receiving antihypertensive treatment and for whom there was no evidence to suggest secondary hypertension. The offsprings were defined with an FH if either one or both parents had hypertension. The sample was divided into two groups according the FH. The control group consisted of 76 subjects (boys/girls 42/34, age: 14.1 ± 0.8 years) without an FH (FH À ). The second group consisted of 66 subjects (boys/girls 29/37, age: 14.0±0.8 years) with an FH (FH þ ). In addition, all participants were required to be in good health, which was corroborated by the medical history, physical examination and laboratory tests. To avoid the interference of other confounding factors on the possible relation between the FH, insulin resistance and sICAM-1, smokers and alcohol consumers were excluded. Moreover, acute and chronic inflammations were excluded.
Measurements
Anthropometric measurements, including height, weight, waist circumference (WC) and BP, were obtained without wearing shoes and in light clothing. Body mass index (BMI) was calculated by dividing weight (kg) by height squared (m 2 ). BP was measured twice with a mercury sphygmomanometer while the subjects were seated after 10 min of rest, and the two measurements were averaged for analysis.
After an overnight fast of 10-12 h, blood samples were drawn from an antecubital vein in each subjects into vacutainer tubes. Fasting plasma glucose (FPG) concentration was measured using the glucose oxidase method, and serum lipids were measured using enzymatic procedures with an autoanalyzer (Hitachi, Tokyo, Japan). Serum true insulin (TI) and sICAM-1 were measured using enzyme-linked immunosorbent assay with model 680 microplate reader (BIO-RAD, America). The enzyme-linked immunosorbent assay kits were purchased from USCNLIFE company, America. The following equation for homeostasis model assessment of insulin resistance (HOMA-IR) index was used: fasting insulin level (mU ml À1 ) Â fasting glucose level (mmol l À1 )/22.5.
Statistical analysis
All analyses were performed using the SPSS 11.5. statistical software. Values were expressed as mean±s.d., and when not normally distributed, they were ln transformed for analysis. Comparisons were done between the two groups using Student t-test and w 2 -test. To measure the strength of the association between two variables, a pearson correlation coefficient was used. Multiple linear regression analysis was performed to examine the relationship between HOMA-IR, sICAM-1 and other variables; Po0.05 was considered statistically significant. Table 1 showed clinical and laboratory characteristics in the study subjects. The age and gender were similar in two groups. The FH þ group showed a significantly higher levels of FPG, TI and HOMA-IR compared with that of the FH À group (Po0.01). The FH þ group also showed a significantly higher levels of sICAM-1 compared with that of the FH À group (Po0.01). Other variables did not show significant differences (P40.05; Table 1 ).
Results
HOMA-IR showed positive correlation with BMI (r ¼ 0.405, Multiple linear regression analysis using HOMA-IR as the dependent variable showed that WC (b ¼ 0.024, P ¼ 0.000) and FH (b ¼ 0.467, P ¼ 0.000) were significant independent predictors for insulin resistance adjusted for age, sex, BMI, SBP, DBP, triglycerides, high-density lipoprotein cholesterol and sICAM-1 level (Table 2) . Multiple linear regression analysis using sICAM-1 as the dependent variable showed that triglyceride (b ¼ 0.328, P ¼ 0.007) and FH (b ¼ 0.395, P ¼ 0.016) were significant independent predictors for sICAM-1 adjusted for sex, age, BMI, WC, SBP, DBP, FPG, TI, high-density lipoprotein cholesterol and HOMA-IR (Table 3) .
Discussion
Evidence from epidemiological and clinical studies indicates that primary hypertension is associated with insulin resistance and that this is independent of obesity, glucose tolerance and age. Insulin resistance is significantly related to hypertension in adults and children. 12, 13 In adults study, insulin resistance is present in nomotensive subjects with an FH who have an increased risk of developing primary hypertension but who are not yet hypertensive.
14 Insulin resistance can increase BP by several mechanisms: through its effect to increase renal sodium absorption, through increased activity of the sympathetic nervous system and through free fatty acid (FFA)-induced sensitivity to adrenergic stimuli and antagonised nitric oxide vasorelaxation. 15 Our results showed a significant increase in the TI and HOMA-IR index of nomotensive subjects with an FH, suggesting that the FH exerts an early effect on insulin resistance in adolescents. So, it is probable that propensity to insulin resistance could be genetically determined and that it could be detected early in life.
Hypertension is a complex disorder reflecting, in most instances, interactions among genes that influence an individual's susceptibility to hypertension and an environment that favours the expression of that susceptibility by providing easy access to calorically dense foods and opportunities for a sedentary lifestyle. Is hereditary factor an exclusive route to cause insulin resistance? In our study, there was a significant correlation between WC and insulin resistance. Multiple linear regression analysis using HOMA-IR as the dependent variable showed that the WC and FH were independent predictors for insulin resistance, when adjustment was made for other variables. Insulin resistance was predicted by WC and FH, which explained 29.0% of the total variance. To obtain an R 2 in each step, we used the stepwise method. The first step, which incorporated only WC, explained 17.6% of the total variance; the second step, which included WC and FH, produced an increase of 11.4% of the variance, reaching 29.0%. A research on different adult ethnic showed that the problem closely related to insulin resistance was the visceral fat accumulation and not mainly resulting from the subcutaneous or overall fat increase. 16 In fact, the relation between obesity, in particular visceral obesity and insulin resistance, appeared to develop at a relatively young age. 17 Hirschler et al 18 found that WC was significant independent predictors for insulin resistance in children. Body adipose tissues seemed to redistributed and to accumulate in the central areas of human body among subjects with an FH. 19 This indicated a tendency of WC enlargement. In our study, the level of WC had a slight increase, but did not show significant differences. It was possibly because of the relatively small number of subjects studied.
The endothelium is an important locus for the control of vascular function. It actively regulates vascular tone, permeability to leukocytes and macromolecules, the balance between coagulation and fibrinolysis, composition of the subendothelial matrix and the proliferation of vascular smooth Normotensive adolescents with an FH Y Fu-zai et al muscle cells. 20 ICAM-1 is a transmembrane adhesion molecule involved in leukocyte migration to the sites of inflammation. 21 As a result of endothelial activation, ICAM-1 is overexpressed. These molecules are shed from the surface and can be measured, as soluble forms in serum. Therefore, they can be regarded as early markers of atherosclerosis. 22 Endothelial activation are closely involved in the pathogenesis of obesity-related hypertension relatively early in life. 23 Normotensive adolescents with an FH had significantly higher levels of sICAM-1 as well as endothelial activation indices compared with those without an FH, and the FH was an independent predictor for sICAM-1. Changes in endothelial function preceded the development of hypertension.
Soluble intercellular adhesion molecule-1, a circulating form of ICAM-1, has been known to be involved in the development of vascular diseases that are associated with vascular smooth muscle cell migration, such as hypertension and atherosclerosis. sICAM-1 increased rat aortic smooth muscle cells migration through spleen tyrosine kinase pathways 24 , and may directly enhance membrane permeability to Ca 2 þ and increase Ca 2 þ inflow in smooth muscle fibre cells, thus inducing vasoconstriction in the smooth muscle cells. 25 Epidemiological survey proved that the difference of HOMA-IR between boys and girls was influenced by race. Girls had significantly higher mean HOMA-IR than boys in American adolescents, but not in Chinese adolescents. 26, 27 In our study, the final model of HOMA-IR did not include sex in the model. An earlier study showed that no sex-related difference in the concentrations of sICAM-1 has been seen in adolescents. 28 Our result was consistent with it.
The limitation of our study was the lack of direct measurement of puberty. We were unable to assess the impact of puberty on HOMA-IR and sICAM-1 levels. Puberty was influenced by age, sex, race and life style. To avoid the influence of puberty, all subjects in our study were Han race and live in city. The age and gender were similar in two groups.
Defining the genes predisposing to hypertension is extremely difficult as there are multiple genes involved each contributing only a small amount and lifestyle factors play a large role. Lifestyle modification significantly improves insulin sensitivity. 29 Short-term school-based health, nutrition and exercise intervention is beneficial to all students and significant reductions in body fatness and insulin resistance. 30 Long-term physical exercise improves endothelial dysfunction in normotensive as well as hypertensive subjects. 31 Multivariate regression analysis showed that the FH contributed to 11.4% of the total variance of insulin resistance and 3.9% of the total variance of sICAM-1. After adjusted for an FH, WC and triglyceride still predicted the change of insulin resistance and sICAM-1, respectively. So we should make great efforts to alleviate abdominal obesity and lipid metabolic abnormal by diet and exercise, and it would reduce the incidence of hypertension in normotesive adolescents with an FH.
These results indicated that insulin resistance and endothelial activation were found in normotensive adolescents with an FH. We should make great efforts to alleviate insulin resistance and endothelial activation by diet and exercise, and it would reduce the incidence of hypertension in adolescents with an FH.
